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(57) A studless ty re ( 1 ) comprises a tread defining a 
ground-contacting region (25), the tread (2) comprising 
at least a diene rubber and non-metallic short fibres ori- 
ented in the tyre radial direction. The tyre profile satis- 
fies the following equation 
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1 >TW/S > 0.92- 0.17 X A 

wherein TW is the ground-contacting width of the tyre; S 
is the section width of the tyre; and A is the tyre aspect 
ratio. 

In the ground-contacting region (25), at least one 
circumferential rib (R) the total axial width of which is 15 
to 30 % of the ground-contacting width TW may be dis- 
posed. The ground-contacting face (25) of the tread 
may be provided on at least 80 % of its area with une- 
venness moulded by a tyre vulcanising mould so as to 
have a ten-point mean roughness of from 30 to 500 
micrometers. 
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Description 

[0001] The present invention relates to a pneumatic tyre, more particularly to a studless tyre the tread rubber of 
which comprises short fibres to improve on-the-ice performance. 

[0002] In order to improve on-the-snow performance and on-the-ice performance, studless tyres are conventionally 
provided with blocks and sipes in the tread portion and soft tread rubber. In recent years, inventions on tread rubber 
which includes fibrous substances functioning as spikes have been made. 

[0003] In Japanese patent application No. 1 1-212129 filed on 27 July 1999, a studless tyre the tread rubber of which 
comprises non-metallic short fibres such as glass fibres or carbon fibres oriented in the thickness direction of the tread 
rubber was proposed, wherein the short fibres have an average length of 0.1 to 5 mm and an average diameter of 1 to 
100 micrometers. Also the ratio E1/E2 of the tread rubber, which is defined as the ratio of the complex modulus E1 in 
the thickness direction to the complex modulus E2 in the tyre circumferential direction, was set in the range of from 1.1 
to 4 at a temperature of 25 deg.C, frequency of 10 Hz, initial strain of 10 %, and dynamic strain of 1 %. Further, at a 
temperature of -10 deg.C, the tread rubber has a hardness of from 45 to 75. Therefore, due to the adhesive friction, 
cohesive friction and scratching friction, the frictional force (grip) between the tyre tread surface and ice-covered road 
surface can be effectively improved, and the wear resistance of the tread was also improved. 
[0004] The inventor of this invention has discovered that such a tread rubber displays its full power when combined 
with a specific tyre profile and/or tread pattern. Further, it was discovered that when the tyre is vulcanised in a mould 
as usual, the short fibres' orientation is liable to be disturbed in the neighbourhood of the ground-contacting surface, 
20 and the short fibres are, against expectation, oriented in random directions which are almost parallel with the ground- 
contacting surface, which therefore, nullify the effects of the short fibres. 

[0005] It is therefore, an object of the present invention to provide a studless tyre which is based on Japanese pat- 
ent application No.1 1 -21 21 29 but further improved in on-the-ice performance. 

[0006] According to one aspect of the present invention, a studless tyre comprises a tread rubber defining a 
25 ground-contacting region, the tread rubber comprising at least a diene rubber and non-metallic short fibres oriented in 
the tyre radial direction, wherein a tyre profile satisfies the following equation 

1 > TW/S > 0.92 - 0.17 X A 

30 wherein 

TW is a ground-contacting width of the tyre, 
S is a section width of the tyre, and 
A is an aspect ratio of the tyre. 

35 

[0007] In the ground -contacting region, at least one circumferential rib the total axial width of which is 1 5 to 30 % of 
the ground-contacting width may be disposed. Preferably, the ground-contacting face is provided on at least 80 % of its 
area with unevenness which is moulded by a tyre mould to have a ten-point mean roughness of from 30 to 500 microm- 
eters. 

[0008] Embodiments of the present invention will now be described in detail in conjunction with the accompanying 
drawings in which: 

Fig.1 is a cross sectional view of a studless tyre according to the present invention; 
Fig.2 is a plan view thereof showing an example of the tread pattern; 
Figs.3, 4 and 5 are plan views each showing another example of the tread pattern; 
Fig.6 is a graph showing TW/S ratio and aspect ratio A of tyres on the market and tyres of the invention; 
Fig. 7 is a schematic perspective view showing a tread rubber strip; 
Fig.8A is a diagram for explaining a method of making the tread rubber strip; 
Rg.8B is an enlarged cross sectional view of the resultant tread rubber strip; 

Fig.9 is a cross sectional view for explaining a problem in orienting the short fibres in the neighbourhood of the 
ground-contacting surface; 

Ficjc i o and 1 1 are cress sections! views fur explaining a method of re-orienting the short fibres in the neighbour- 
hood of the ground-contacting surface; and 

Fig. 12 is a profile curve of a surface for explaining the definition of ten-point mean roughness of the surface. 

lOCaS j in the drawings, a studless tyre 1 according to the present invention comprises a tread portion 2 a pair of 
sidewali portions 3, a pair of bead portions 4, a carcass 6 extending between the bead portions 4, and a belt ^disposed 
radially outside the carcass 6. 
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[0010] In this embodiment, the tyre 1 is a radial tyre for passenger cars. Rg.1 shows a meridian section of the tyre 

zzz^^T^r inflated to a standard pressure but ,oaded wfth n ° * re ,oad - 

Rim° 1 in TiRn'r^rnr T is J he ° Standard SpeCffled ,n JA ™ A ' the "Measuring Rim" in ETRTO. the "Design 
™o Th Stendard PfeSSUre iS thS ° maximum air P r «sure« in JATMA. the 'Inflation Pressure" in 

ETRTO. the maximum pressure given in the "Tyre Load Limits at Various Cold Inflation Pressures" table in T&RA or the 

oa'd " s ^ml PaSSen f er , Car tyreS -. h0Wever ' 1 80 kPa is used the standard pressure. The undermentioned standa* 
load ,s the maximum load capac.ty" in JATMA, 70% of the "Load Capacity" in ETRTO, the maximum value qiven in the 

st7d™ad ned taWe ,n T&RA ° rthe " ke - ' n 0386 ° f PaSS6nger tyr6S - h0WeVer " 88% ° f such -'-"used as the 
[0012] The carcass 6 comprises at least one ply of cords arranged at an angle of 75 to 90 degrees with respect to 
he tyre equator C and extending between the bead portions 4 through the tread portion 2 and sidewall portions J and 
turned up around a bead core 5 in each of the bead portions 4. For the carcass cords, organic fibre cS g aromafc 
polyam.de. nylon, rayon, polyester and the like, and steel cords can be used. In this example the carcass I composed 
of a single ply of polyester fibre cords arranged radially at 90 degrees with respect to the tyre equator C ° mP ° Sed 
[0013] The belt 7 comprises two crossed plies of parallel cords laid at an angle of from 10 to 35 deqrees with 

P^too^ 

Se tyre. ° n radia " y ° UtSide ° f ? ' 3 mbber tread G iS diSp ° Sed defining a ground^ontacting face 2S of 

[ *° 151 k 7? tfead G ,S made ° f at ' eaSt ° ne diene rubber ( e| astomer) selected from natural rubber isoplene rubber 
styrene butadiene rubber, butadiene rubber, chloroprene rubber, acry.onitrile butadiene rubber and the Hke and "elud- 
ing short fibres (f) oriented in the thickness direction of the tread G (tyre radial direction, 

[001 6] For the short fibres, non-metallic fibres, preferably non-metallic inorganic fibres are used to minimise differ- 
ence m wear between the short fibres and tread rubber in use and minimise damage to the road surface EleciaNv 
glass fibres or carton fibres are preferably used because these materials are easify broken Into ^natShs 
during kneading the tread rubber and thus they are dispersed and oriented equally. PPropnate lengths 

mterlmeterr 6 """^ * ^ ^ * "* ^ ran9e ° f f TOm 1 t0 1 00 ""^meters, preferably 3 to 50 

SuuIq! ^h^^ ! en f.n ° f Sh ° rt fibr6S iS S6t in the ran9e ° f fr0m °" 1 to 5 0 mm - P refera bly 0. 1 to 3.0 mm 
TZs by^Ztrshr fK ^ W6i9ht ° f ^ di6ne rUbber ' ^ rUbb - 2 » " P—-*/ 3 - 
^S.^^:^~^^^ <~ w,h a durometertype-A a_d- 

ESL, 1 A J r oT Pe f °1 25 de9 C ' tfead mbber haS 3 m ° dU,US rati0 E1/E2 in the ™9e °f from ! .1 to 4 0 
preferably 12 to 3.5. where.n E1 is the complex elastic modulus in the tyre radial direction, and E2 is the complex etestic 
moduU* m the tyre circumferential direction, each measured with a viscoelastic spectrometer under the Zwmg con 

cTo*f^^^ 

E T he fread P ortion 2 is Provided with tread grooves 1 2 to form blocks B and at least one circumferential rib R 

roo251 9 in « ; ' T I" 3 ran9e ° f fr ° m 8 10 15 mm in the Case of a P^senger car tyre for example. 
[0025] n the present invention, the rib R means a rib R0 which is substantially continuous (Figs.2 and 3) and a rib- 
like element R1 (Figs.4 and 5) of which the net ground-contacting area Lr is at least 85% of the gross area SMnl^nn 
mn^T 6 ?" 8 - " 9 round -ntacting area Lr is less than 85%. it is treated as a rew^ocks 9 

ESL thl 15 Preferable that the rib/ribs R is/are dis Posed in a tread centre region than in a tread edge region 
because the ground pressure is relatively high in the tread centre region 9 
[0027] Each rib R is provided with sipes 1 6. Usually, the blocks B are also provided with sipes 1 6 Here the sine 1 6 
-s a cut or a narrow slit having a width less than 1 mm. It is preferable that the sioes 1 6 e~™J,,Zlt" - '- v 
drSwuOii. out, it is also possible to incline sipes as shown in Fig 5 " ' •"•""•""y 

Sfo 8 L t„ " fe Pr ^ ferable that the total axial w,dth of a single rib R or a plurality of ribs R Is in the range of from 1 5 to 

sTpes ^6 and 9 ^^ 0 " 1 ^ 9 TVV V f ,0ta ' WWth * ,eSS tha ° 1 5% ' the tread ^ is ^creased by the 

^ d beC °Z lnsufRc,a n for maintaining the necessary ground-contact if the tota! axial width is more than 30 

.o, on-the-snow performance such as snow grip is deteriorated. 
[0029] Figs.2, 3, 4 and 5 show preferred examples of the tread patter. 

[00302 In Rg.2, the tread grooves 12 include four straight circumferentiai grooves 14 and straight axial grooves 15. 
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The tread portion 2 is divided into a straight rib R(R0) disposed on the tyre equator C, and two circumferential rows Br 
of rectangular blocks B disposed on each side of the rib. 

[0031] In Fig.3, the tread grooves 12 include five straight circumferential grooves 14 and straight axial grooves 15. 
The tread portion 2 is divided into two straight ribs R(R0) disposed one on each side of the central circumferential 
5 groove 14 on the tyre equator C, and two circumferential rows Br of rectangular blocks B disposed on the axially outside 
of each of the ribs. 

[0032] In Fig.4 f the tread grooves 1 2 include two straight circumferential grooves 14 and three zigzag circumferen- 
tial grooves 14 therebetween and straight axial grooves 15. The tread portion 2 is divided into two zigzag ribs R(R1) 
one on each side of the central zigzag circumferential groove 1 4 t and axially inner circumferential rows Br of pentagonal 

io blocks B and axially outer circumferential rows Br of rectangular blocks B. 

[0033] In Fig.5 f the tread grooves 12 include four straight circumferential grooves 14 and straight axial grooves 15. 
The tread portion 2 is divided into a straight rib R(R1 ) disposed on the tyre equator C, and axially inner circumferential 
rows Br of parallelogonal blocks B and axially outer circumferential rows Br of rectangular blocks B. The axial grooves 
in both the axially inner rows are inclined in one direction. The axial grooves in the central rib R(R1) are inclined in one 

15 direction which is reverse to that in the axially inner rows. 

[0034] In the rib-like elements R1 , to maintain its rigidity, the space between the axial grooves 15 is set to be larger 
than the axial width RW of the rib-like element R1. 

[0035] According to the present invention, the ratio TW/S of the ground-contacting width TW to the tyre section 
width S satisfy the following equation (1) 

20 

1 > TW/S > 0.92- 0.17 x A 

wherein 

25 "A" is the aspect ratio of the tyre, that is, the ratio of the tyre section height to the tyre section width S under the 

normal inflated unloaded condition. The tyre section width S is the maximum width of the tyre under the normal 
inflated unloaded condition. The ground-contacting width TW is the axial distance between the axial outermost 
edges of the ground-contacting region Y of the tread portion 2 when the tyre is mounted on the standard wheel rim 
and inflated to the standard pressure and loaded with the standard load (hereinafter, the "standard loaded condi- 

30 tion B ). 

[0036] Fig.6 shows the TW/S ratio and aspect ratio A of tyres on the market. As understood from this figure, the 
range defined by the above-mentioned equation (1) lies above the existing tyres. 

[0037] By satisfying the specified range, on-the-ice performance and steering stability can be improved. 
35 [0038] Further, the land ratio Ls/Ss is preferably set in the range of from 60 to 72 % f wherein Ls is the net ground- 
contacting area of the ground-contacting region Y, and Ss is the gross area of the ground-contacting region Y including 
the grooved area. 

[0039] If Ls/Ss is less than 60%, on-the-ice performance can not be improved. If Ls/Ss is more than 72%, on-the- 
snow performance such as snow grip deteriorates. 

40 

On-the-ice perform ance test 1 : 

[0040] Studless tyres of size 195/65R15 (Rim size 15x6JJ) having the structure shown in Fig.1 and specifications 
shown in Table 1 were made and tested for ice performance as follows. 
45 [0041 ] A 2000cc FR passenger car provided on all the four wheels with test tyres inflated to 200kpa was run on an 
ice-covered test course at a speed of 30km/hr, and a wheel-lock brake was applied to ail the wheels to measure the 
braking distance. In Table 1 , the reciprocal of the braking distance is indicated by an index based on Ref. 1 as being 1 00. 
The larger the index, the better the performance. 

[0042] The tread rubber composition used in the test tyres is shown in Table 2. The tyres were tested after running- 

so in for 200 km. 
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Table 1 



Tyre 


Ref.1 


Ex.1 


Ex.2 


Ex.3 


Ref.2 


Short fibres 












Material 


glass 


glass 


glass 


glass 


carbon 


Ave. diameter (micrometer) 


11 


11 


11 


11 


11 


Ave. length (mm) 


0.5 


0.5 


0.5 


0.5 


0.5 


Content *1 


5 


5 


5 


5 


5 


Tread rubber 












Hardness @-10 deg.C 


61 


61 


61 


61 


61 


E1/E2 


1.42 


1.42 


1.42 


1.42 


1.42 


E1 (kgf/sq.cm) 


6.1 


6.1 


6.1 


6.1 


6.1 


E2 (kgf/sq.cm) 


4.3 


4.3 


4.3 


4.3 


4.3 


Ground-contacting width TW(mm) 


152 | 


166 


166 


170 


152 


Tvre section width Sfmm^ 


i yo 


1 95 


195 


195 


195 


Tyre aspect ratio A 


0.65 


0.65 


0.65 


0.65 


O.G^ 


Outside or inside Eq.1 range 


out 


in 


in 


in 


out 


Ls/Ss (%) 


66 


66 


66 ] 


66 


66 


Total rib width RW (mm) 


0 


0 


36 


36.9 


33 


RW/TW (%) 


0 


0 


21.6 


21.7 


21.7 


On-the-ice performance Braking distance (index) 


100 


116 


120 


124 


103 



*1 ) in parts by weight with respect to 100 parts by weight of the elastomers. 
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Table 2 



(parts by weight) 


Tread rubber composition 


Elastomers 




natural rubber 


60 


high-cis polybutadiene 


40 


Additives 




carbon black 


45 


silica 


20 


paraffin oil 


20 


wax 


2 


age resistor 


1.5 


stearic acid | 


2 


hydrozincite 


3 


silane coupling agent 


1.2 


sulfur 


1.5 


vulcanisation accelerator 


1 



[0043] Fig.7 shows a raw tread rubber strip TS which is not yet wound around the tyre. 

[0044] Fig.8A shows a method of manufacturing such a raw tread rubber strip TS, wherein the diene rubber DR and 
short fibres (f) are kneaded and formed into a thin sheet RS by calender rolls CR. Between the calender rolls CR, the 
short fibres (f) are oriented in the calendering direction. The sheet RS is folded like accordion pleats. As a result, a raw 
tread rubber strip TS in which the short fibres (f) are oriented in the thickness direction is made. 

[0045] In this method, however, as shown in Fig.8B, it is inevitable that the short fibres (f) in the bent portions BP 
are oriented in directions other than the thickness direction. Thus, it is desirable that such portions are removed before 
use. 

[0046] On the other hand, during vulcanising the tyre in a mould, as the tread rubber is compressed and flows, the 
short fibres in the neighbourhood of the ground-contacting surface are fallen or collapsed as shown in Fig. 9. 
[0047] Therefore, even if the short fibres in the raw tread rubber strip TS are completely oriented in the thickness 
direction, it is difficult to prevent the short fibres from being oriented in incorrect directions in the vulcanised tyre. Thus, 
it is required to shave the tread surface of the vulcanised tyre to derive good on-the-ice performance from the beginning. 
[0048] Fig.10 shows a method which is effective for re-orienting the incorrectly oriented short fibres (Rg.8B) and 
preventing the short fibres from being oriented in incorrect directions (Fig.9). The vulcanisation mould 20 for the tyre is 
provided with various profiled faces for shaping various portions of the tyre, which include a face for shaping the ground- 
contacting face 2S of the tread (hereinafter the "tread shaping face 20S"). According to this method, at least 80% pref- 
erably 1 00 % of the tread shaping face 20S is provided with unevenness K. The unevenness K can be formed by means 
of etching, sand blast and the like for example. 

[0049] The uneven tread shaping face 20S has a ten-point mean roughness (Rz) in the range of from 30 to 500 
micrometers. 

[0050] First, owing to the unevenness K, the rubber flow along the face 20S is controlled. Second, when the tread 
rubber is compressed, the short fibres are forced to lie along the micro-surfaces of the unevenness K. Third, when the 
tread rubber is partially moved, the short fibres especially the ends thereof are caught in the unevenness K. Accord- 
ingly, fsliliig liown motions of the short fibres (f) can be controiied. It may be difficult to orient the short fibres completely 
in the radial direction, but the short fibres are effectively prevented from falling down in random directions parallel with 
the road surface. Therefore, it becomes possible to omit the above-mentioned tread surface shaving operation and bent 
portion removing operation. As a result, not only the production efficiency but also on-the-ice performance can be effec- 
tively improved. 

[0051] The resultant ground-contacting face 2S of the vulcanised tyre 1 has an unevenness K of ten-point mean 
roughness (Rz) in the range of from 30 to 500 micrometers. 
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[0052] As explained above, preferably at least 80%, ideally 100 % of the ground-contacting face 2S is formed as 
uneven face. 

[0053] The above-mentioned ten-point mean roughness (Rz) is determined, according to Japanese Industry Stand- 
ard B0601, as a difference between the average of heights at the first to fifth highest peak points and the average of 
5 heights at the first to fifth deepest dip points in a part of a unit length extracted from the profile curve As shown in 
Fig.12, in a unit length of the profile curve, when the heights at the five peak points are R1 R3 R5 R7 R9 and the 
heights at the five dip points are R2, R4, R6, R8, R10, the ten-point mean roughness can be obtained by the following 
equation: y 

10 = {(R1+R3+R5+R7+R9)/5}-{(R2+R4+R6+R8+R10)/5} 

[0054] Each height is measured in the direction of magnitude from a line drawn in parallel with the averaqe line not 
to intersect the profile curve. 

[0055] If the ten-point mean roughness (Rz) is less than 30 micrometers, it is difficult to orient the short fibres (f) 
75 radially of the tyre. If the ten-point mean roughness (Rz) is more than 500 micrometers, it is difficult to improve the ice 
performance. 

[0056] If the average length of the short fibres is more than 2.0 mm, it becomes difficult for the above-mentioned 
. unevenness K to prevent the short fibres from falling down. Accordingly, when the uneven face is provided the average 
length of the short fibres (f) should be set in the range of from 0.1 to 2.0 mm. Further, the total axial width of a single rib 
>o R or a plurality of ribs R is preferably set in the range of from 1 5 to 25 % of the ground-contacting TW 
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Qn-the-ice performance test ?• 



[0057] Studiess tyres of size 195/65R15 (rim size 15x6JJ) having the structure shown in Fig.1 and specifications 
25 shown in Tables 3 and 4 were made and tested for on-the-ice performance as follows. 

[0058] A 2000CC FR passenger car provided on all the four wheels with test tyres (pressure 200kpa) was run on an 
ice-covered test course at a speed of 15 km/hr. and wheel-lock braking was applied to all the wheels to measure the 
braking distance. Then, the coefficient of friction was calculated from the braking distance. In Tables 3 and 4 the coef- 
ficient of friction is indicated by an index based on Ref.1 as being 1 00. The larger the index, the better the ice perform- 

nn anrp 



[0059] In the tyres in Table 3, the uneven face was deliberately not provided. Thus, the ten-point mean roughness 
was about 1 0 to 30 micrometers. The tyres were tested after running-in for 200 km. 

[0060] In the tyres in Table 4, the uneven face was provided on 1 00 % of the ground-contacting face, and the tyres 
were tested after running-in for 30 km. 

[0061] The same tread rubber composition shown in Table 2 was used in all the test tyres. 
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Table 3 



10 



15 



20 



25 



"lyre 


Ref.1 


nci./i 


net. J 


tx. I 


tX.£l 


Da* A 


Tread pattern 


Fin S 


pin 


Fin R 

ng.o 


Pin f\ 


Pin C 


rig.5 


ireao ruDuer 














naiuiicoo i uucy.o 


09 


60 


60 


61 


62 


66 


C 1 /CO 

c l/c<s 


0.96 


1.05 


0.72 


1.42 


1.46 


4.15 


b i (Kgi/sq.cm) 


4.3 


4.6 


4.3 


6.1 


6 


16.6 


E2 /kaf/sa cm) 




A A 


o 


A O 


4. 1 


4 


Short fibre 














Content *1 


0 


0 


5 


5 


5 


30 


Material 






glass 


glass 


carbon 


glass 


Orientation *2 






C 


R 


R 


R 


Ave. diameter (micron) 






11 


11 


14.5 


11 


Ave. length (mm) 






0.5 


0.5 


0.5 


0.5 


On -the- ice performance Friction coefficient 


100 


100 


105 


125 


126 


95 



•1 ) in parts by weight with respect to 100 parts by weight of the elastomers. 
*2) Circumferential direction, RtRadial direction 
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Table 4 



Tyre 


Ex.10 


Ex.11 


Ex.12 


Ex.13 


Ref.10 


Ret 11 


Ret 12 


Tread pattern 


Rg.5 


Rg.5 


Fig.5 


Rg.5 


Rg.5 


Fig.5 


Fig.5 


Tread rubber 
















Hardness @-l0deg.C 


61 


61 


61 


61 


61 


61 


61 


E1/E2 


1.42 


1.42 


1.42 


1.42 


1.42 


1.42 


1.42 


E1 (kgf/sq.cm) 


6.1 


6.1 


6.1 


6.1 


6.1 


6.1 


6.1 


E2 (kgf/sg.cm) 


4.3 


4.3 


4.3 


4.3 


4.3 


4.3 


4.3 


Short fibre 
















Content *1 


5 


5 


5 


5 


5 


5 


5 


Material 


Glass 


glass 


glass 


glass 


glass 


glass 


glass 


Orientation *2 


R 


R 


R 


R 


R 


R 


R 


Ave. diameter (micron) j 


11 


11 


11 


11 


11 


11 


11 


Ave. length (mm) 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


0.5 


Ten-point mean Roughness (micron) 


30-50 


51-100 


101-200 


201-500 


5-10 ! 


11-25 


501-800 


I On-the-ice Performance Friction Coeffi- i 


110 


110 i 


113 l 


108 


100 1 


100 




cient 






i 




i 
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Claims 
1. A 



studless tyre (1 ) comprising a tread defining a ground-contacting region (25), the tread (2) comprising at least a 



8 



DOCiD <EP 1097825A2 l_> 



EP 1 097 825 A2 

diene rubber and non-metallic short fibres oriented in the tyre radial direction, characterised by a tyre profile satis- 
fying the following equation 

1 > TW/S > 0.92- 0.17 X A 

5 

wherein 

TW is a ground-contacting width of the tyre, 
S is a section width of the tyre, and 
w A is an aspect ratio of the tyre. 

2. A studless tyre according to claim 1 , characterised in that the net ground-contacting area Ls of the ground-contact- 
ing region is in a range of from 60 to 72 % of the gross area Ss of the ground-contacting region. 

75 3. A studless tyre according to claim 1 or 2, characterised in that at least one circumferential rib (R) is disposed in the 
ground-contacting region (25), and the total axial width of said at least one circumferential rib is in a range of from 
1 5 to 30 % of the ground-contacting width TW. 



4. 

20 



25 



A studless tyre according to any of claims 1 to 3, characterised in that the ground-contacting face (25) of the tread 
(2) is provided on at least 80 % of its area with unevenness moulded by a tyre vulcanising mould so as to have a 
ten-point mean roughness of from 30 to 500 micrometers. 

A studless tyre according to claim 4, characterised in that the non-metallic short fibres have an average diameter 
of from 1 to 100 micrometers, and an average length of from 0.1 to 2.0 mm. 

A studless tyre comprising a tread defining a ground-contacting face, the tread comprising at least a diene rubber 
and non-metallic short fibres oriented in the tyre radial direction, characterised in that the ground-contacting face 
(25) is provided on at least 80 % of its area with unevenness moulded by a tyre vulcanising mould so as to have a 
ten-point mean roughness of from 30 to 500 micrometers. 

A studless tyre according to claim 6, characterised in that the non-metallic short fibres have an average diameter 
of from 1 to 100 micrometers, and an average length of from 0.1 to 2.0 mm. 
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wherein TW is the ground-contacting width of the tyre; 
S is the section width of the tyre; and A is the tyre aspect 
ratio. 

In the ground-contacting region (25), at least one 
circumferential rib (R) the total axial width of which is 15 
to 30 % of the ground-contacting width TW may be dis- 
posed. The ground-contacting face (25) of the tread may 
be provided on at least 80 % of its area with unevenness 
moulded by a tyre vulcanising mould so as to have a 
ten-point mean roughness of from 30 to 500 microme- 
ters. 
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